Diet and lifestyle are important for maintaining a healthy blood pressure (BP). The role of dairy in the prevention of hypertension, however, is not yet clear. We studied the relation of dairy intake with BP in 21,553 Dutch participants aged 20-65 y who did not use antihypertensive medication. In addition, the risk of hypertension was examined in 3454 of these participants with a 5-y follow-up. Dairy consumption was assessed at baseline (1993-1997) using a semiquantitative FFQ that included 178 foods and beverages. Baseline BP and odds ratios (OR) (95% CI) for incident hypertension were calculated in categories of energy-adjusted dairy intake with adjustment for age, sex, socioeconomic status, BMI, smoking, alcohol use, and dietary intakes. Participants had a median intake of 344 g/d (;2.3 servings) for total dairy and 174 g/d (;1.2 servings) for low-fat dairy. Mean BP was 120/76 mm Hg. Intake of total dairy, specific dairy groups (i.e. lowfat, high-fat, fermented) and dairy products (i.e. cheese, yogurt) were not consistently related to BP. Of 3454 participants who were followed, 713 developed hypertension. The risk of hypertension tended to be inversely related to low-fat dairy intake, with multivariate OR (95% CI) of 1.00, 0.78 (0.61, 1.00), 0.81 (0.63, 1.03), and 0.82 (0.64, 1.06; P-trend: 0.24) in consecutive quartiles. We conclude that variations in BP in a general middle-aged Dutch population cannot be explained by overall dairy intake. A beneficial effect of low-fat dairy on risk of hypertension, however, cannot be excluded, which warrants further investigation in prospective population-based studies.
Introduction
Hypertension is a major public health burden. In 2025, 29% of the world population is expected to have hypertension (1) . Hypertension is associated with a doubled risk of cardiovascular disease and may account for 30% of all cardiovascular disease events (2) .
The Dietary Approaches to Stop Hypertension trial showed that a diet emphasizing increased fruit, vegetables, and low-fat dairy consumption, in addition to decreased total and saturated fat intake, substantially lowered blood pressure (BP) (3) . An inverse association between dairy intake and BP or hypertension has been shown in a number of cross-sectional epidemiological studies, although findings are inconclusive (4) (5) (6) (7) . In a prospective study among 5880 university graduates in Spain [Seguimiento Universidad de Navarra (SUN) cohort], low-fat dairy intake was associated with a remarkably lower incidence of hypertension after 2 y of follow-up (8) . Moore et al. (9) observed in 95 children that diets rich in dairy products, apart from fruits and vegetables, had beneficial effects on BP change during childhood. Dairy intake, however, was not associated with BP change in the SU.VI.MAX cohort in over 2000 French adults (4) .
The amount and type of dairy foods that are consumed in different populations varies considerably, which may partly explain the inconclusive findings of previous studies. In the Netherlands, habitual dairy intake varies widely and a large variety of dairy products is consumed. We investigated whether dairy consumption, including specific dairy food groups, was associated with BP and risk of hypertension in a Dutch population-based cohort of 21,553 participants aged 20-65 y.
Methods
Study design. Data were used from the Monitoring Project on Risk Factors for Chronic Diseases, a population-based study of 23,105 men and women aged 20-65 y who were examined between 1993-1997 from 3 Dutch towns (Amsterdam, Doetinchem, and Maastricht) (10) . We excluded 455 participants with missing dietary or BP data and 1097 participants who used antihypertensive medication, leaving 21,553 men and women for the analysis of dairy intake and BP.
Participants from Doetinchem (n ¼ 6579) were invited for follow-up examination (including BP) in 1998-2002 and 75% (n ¼ 4917) responded (11) . Participants with hypertension at baseline (n ¼ 1384) or no information on hypertension during follow-up (n ¼ 79) were excluded, leaving 3454 participants for the analysis of dairy and incident hypertension. The study was approved by the Medical Ethics Committee of the Organization for Applied Scientific Research-Zeist, the Netherlands.
Dietary variables and exposure categories. Dietary intake was assessed using a validated, semiquantitative FFQ that inquired about intake of 178 foods and beverages during the past year (12) . Total energy and nutrient intakes were calculated using a computerized Dutch Food Composition Table (13) . The reproducibility for milk and milk products after 6 and 12 mo was 0.85 and 0.73 for men and 0.75 and 0.78 for women, and the reproducibility for cheese was 0.77 and 0.71 for men and 0.67 and 0.70 for women, respectively. The validity of the FFQ was assessed against 12 monthly 24-h recalls over a 1-y period. Spearman correlations were good for milk and milk products (r ¼ 0.69 for men, r ¼ 0.77 for women) and moderate for cheese (r ¼ 0.56 and r ¼ 0.32, respectively).
Total dairy included all dairy foods except butter and ice cream. Milk and milk products included all kinds of milk, yogurt, coffee creamers, curd, pudding, porridge, custard, and whipping cream. Cheese included all types of cheese, as well as cheese spreads and cheese that was consumed during dinner or as a snack. Low-fat dairy was defined as milk and milk products with a fat concentration ,2.0 g/100 g or cheese with a fat concentration ,20 g/100 g. High-fat dairy was defined as milk and milk products with a fat concentration .3.5 g/100 g or cheese products with a fat concentration . 20 g/100 g. Fermented dairy comprised buttermilk, yogurts, and cheese.
Outcome measurements. BP was measured with a random zero sphygmomanometer in sitting position by trained technicians. Systolic BP was recorded at the appearance of sounds (first-phase Korotkoff) and diastolic BP at the disappearance of sounds (5th-phase Korotkoff), followed by a heart rate count for 30 s. BP measurement was repeated and values were averaged. During the physical examination, regular audits were performed to check adherence to the BP measuring protocol Collection of risk factor data. Height was measured to the nearest 0.5 cm and weight to the nearest 0.1 kg with participants wearing light indoor clothing without shoes. BMI was calculated as weight (kg) divided by height squared (m 2 ) and overweight was defined as BMI $ 25 kg/m 2 . Participants completed a mailed questionnaire on lifestyle factors, history of major diseases, medication use, and any prescribed diets. Questions about physical activity were added in 1994 and completed by 16,642 participants (77% of cohort). These questionnaire data were used to create variables on alcohol intake (6 categories), smoking status (current cigarette smoking, yes/no), physical activity (h/wk), and socioeconomic status (5 categories).
Statistical analysis. Data analysis was performed using SAS version 9.1 (SAS Institute). Intakes of total dairy, dairy groups, and dairy products were first adjusted for total energy intake according to the residual method (14) . Participant characteristics in quintiles of energy-adjusted total dairy consumption are presented as means with SD or percentages. Mean BP with 95% CI were obtained in energy-adjusted dairy quintiles using a general linear model, with adjustment for age, sex, total energy intake (continuous), BMI (continuous), current cigarette smoking (yes/ no), socioeconomic status (5 categories), alcohol consumption (0, 0-1, 1-2, 2-4, 4-8, . 8 glasses/d), and intake of fruit, vegetables, fish, meat, bread, coffee, and tea, all as continuous variables. Additional adjustment for physical activity could only be performed in a subgroup of 16,642 participants for whom these data were available.
A number of additional predefined subgroup analyses were performed, i.e. by sex, age (,50 vs. $50 y), BMI (,25 vs. $25 kg/m 2 ), and baseline BP (,140/90 vs. $140/90 mm Hg). Most of our participants appeared to be regular dairy consumers and habitual intake in our cohort was relatively high. Because the impact of dairy on BP may be more pronounced in populations with a low habitual intake of dairy, we decided to conduct a post hoc analysis in which we further explored the association of total and low-fat dairy with BP at low intakes. Within the bottom quintile (4310 participants), a fully adjusted linear regression coefficient for BP was obtained per 50-g increase in dairy intake. The results of the low-dairy group were then compared with the total study population.
Prospective analysis on incidence of hypertension was based on a smaller sample size (n ¼ 3454) and energy-adjusted dairy intake was therefore divided into quartiles. Logistic regression models were used to obtain odds ratios (OR) with 95% CI for incident hypertension in categories of dairy intake, with adjustment for age and sex (model 1). Analyses were repeated using an extended multivariate model (model 2) that included age, sex, total energy intake (continuous), BMI (continuous), current cigarette smoking (yes/no), socioeconomic status (5 categories), and alcohol consumption (0, 0-1, 1-2, 2-4, 4-8, .8 glasses/d). Further adjustment was made for intake of fruit, vegetables, fish, meat, bread, coffee, and tea, all as continuous variables (model 3).
To obtain a P-value for trend across categories of dairy intake, median values of categories were assigned to individuals and entered continuously into the multivariate models. Two-sided P-values , 0.05 were considered significant.
Results
Population characteristics. Participant characteristics according to energy-adjusted dairy intake are shown ( Table 1) . Mean BP was 120.1 6 15.7 mm Hg systolic and 76.1 6 10.4 mm Hg diastolic and 15% of the population had elevated BP (i.e. $140/ 90 mm Hg). Dairy intake was associated with fruit intake (positively), coffee intake (inversely), and nonsmoking. In the lowest dairy category, which included more men, intakes of total energy, meat, bread, and total and saturated fat were higher than in other categories.
Dairy consumption. The median energy-adjusted total dairy intake of the study population was 344 g/d, ranging from 110 g/d (i.e. ,1 serving/d) in the lowest quintile to 765 g/d (i.e. .5 servings/d) in the highest quintile. Dairy food items that contributed to total dairy intake are presented (Supplemental Table 1 ). The Spearman correlation coefficient was 0.91 (P , 0.0001) for the relation between total dairy and low-fat dairy and 0.41 (P , 0.0001) for the relation between low-fat and high-fat dairy.
Dairy intake and BP. BP showed little variation across quintiles of total dairy, low-fat dairy, and high-fat dairy ( Table 2) . For other dairy groups and products, BP was also similar across quintiles of intake (Supplemental Table 2 ). Excluding desserts from the milk products category did not change the findings. Moreover, additional adjustment for complementary dairy food groups (e.g. low-fat dairy as a covariate when studying high-fat ), smoking (yes/no), and daily intake of alcohol (6 categories), fruit (g), vegetables (g), fish (g), meat (g), bread (g), coffee (mL) and tea (mL). 2 dairy) or saturated fat did not materially change the results. The results did also not change when we reanalyzed the data after exclusion of participants with self-reported myocardial infarction or diabetes and additional adjustment for prescribed diet. Furthermore, additional inclusion of physical activity in the model, using data of a subgroup of 16,642 participants in whom this was assessed, did not change the results (data not shown).
Subgroup analyses showed that the association between lowfat dairy and BP did not vary among strata of age, sex, BMI, or BP (data not shown). When we examined the relation between low-fat dairy and BP continuously in the total cohort, the fully adjusted b (95% CI) per 50-g increase was 0.05 mm Hg (0.02, 0.09) for systolic BP and 20.04 mm Hg (20.06, 20.02) for diastolic BP. In the subgroup (n ¼ 4310) with a low habitual intake of dairy, these b were 0.19 mm Hg (20.13, 0.50) and 20.09 mm Hg (20.30, 0.12) per 50 g, respectively.
Dairy intake and incidence of hypertension. The subcohort that participated in the follow-up round was 49.5 6 9.6 y and comprised 45% men. BP in these participants increased by 5.7 6 12.7 mm Hg systolic and 3.1 6 9.6 mm Hg diastolic during a median follow-up period of 5 y and 713 (20.6%) new cases of hypertension were identified.
After adjustment for potential confounders, total dairy, lowfat dairy, and high-fat dairy were not significantly associated with risk of hypertension (P-trend 0.60, 0.24, and 0.11, respectively) ( Table 3) . Also, other dairy groups and dairy products were not clearly related to risk of hypertension (Supplemental Table 3 ).
After including physical activity in the multivariate model (n ¼ 2768), OR (95% CI) in the consecutive quartiles of low-fat dairy were 1.00, 0.83 (0.63, 1.10), 0.81 (0.61, 1.07), and 0.85 (0.64, 1.13), respectively (P-trend ¼ 0.36). The association between low-fat dairy and hypertension risk did not vary by sex (Table 3) 
Discussion
In this cohort of 21,553 Dutch adults, overall dairy intake or intake of specific dairy groups or dairy products was not clearly related to BP. Prospective analysis in 3454 participants showed no consistent association of dairy intake with 5-y risk of hypertension, with a possible exception for low-fat dairy that was nonsignificantly related to a lower risk of hypertension (P-trend ¼ 0.24).
This study has several strengths and limitations. Our Dutch study is based in a country with naturally high intake of dairy. It comprise regular consumers of a variety of dairy products, enabling us to examine a broad range of several types of dairy products in relation to BP. Total dairy intake ranged from ,1 to .5 servings/d. The large sample size allowed more detailed examination of BP in participants who consumed a low amount of dairy (i.e. ,185 g/d), but associations with BP were not found within this low range of intake. A major concern in epidemiological studies is residual confounding. Data on physical activity, an important BP determinant, were available for only 77% of our participants. Repeating multivariate analysis with additional adjustment for physical activity in this subgroup did not influence the BP associations and we think it is unlikely that incomplete physical activity data have affected our findings. Dairy intake was assessed by selfreport, which may have led to misclassification. Assessment of dairy intake in our study was validated against 12 monthly repeated 24-h recalls. Milk and milk products were highly correlated (r ¼ 0.7-0.8), indicating that participants could adequately be ranked according to milk intake (12) . The validity for cheese, however, was much lower (r ¼ 0.4-0.5), which may have diluted the cheese-BP associations. It cannot, however, explain our overall null result, because cheese contributed only 8.6% to total dairy intake.
Scientific evidence for an effect of dairy on BP or hypertension is inconsistent. Our data are in line with findings from the French SU.VI.MAX study among 4652 participants aged 35-63 y, in which overall dairy was not associated with BP or change (4). Ruidavets et al. (6) , however, reported that dairy products (range, 93-335 g/d) and dietary calcium were significantly and independently associated with lower systolic BP (7 mm Hg for total dairy and 4 mm Hg for calcium) in 912 French men aged 45-64 y. Also, Djoussé et al. (5) found that dairy intake (range, 0.4-3.1 servings/d) was associated with a 38% lower prevalence of hypertension, independent of calcium, in the National Heart, Lung, and Blood Institute Family Heart Study. Dairy intake in our study was higher (344 g/d, ;2.5 servings), which may explain differences in results. It may be possible that the impact of dairy intake on BP is more pronounced in persons with a low habitual intake of dairy. However, repeating our analyses within the low end of the distribution of dairy intake (0-185 g/d) yielded similar conclusions. In a previous cross-sectional study of 2064 Dutch men and women aged 50-75 y (7), intake of dairy, in particular dairy desserts, milk, and yogurt was inversely associated with BP. Apart from the somewhat higher dairy intake (4 servings/d), participants in that study were older than in our cohort, which may partly account for the discrepancy in findings. When reanalyzing our data in participants aged $50 y, however, we still did not find an association of dairy with BP. Snijder et al. (7) found an association of high-fat rather than low-fat dairy with BP, in contrast to our findings for incident hypertension. Alonso et al. (8) , on the other hand, showed that low-fat dairy (mean intake of 140 g/d), but not high-fat dairy, was associated with a remarkable 54% reduced risk of hypertension during 2 y of follow-up of 5880 Spanish university graduates. A potential beneficial effect of low-fat dairy is consistent with the Dietary Approaches to Stop Hypertension trial in which BP reductions were more pronounced when lowfat dairy (among other dietary changes) was added to a fruitsand-vegetables diet (3). In the Coronary Artery Risk Development in Young Adults study, both reduced-fat and high-fat dairy products were associated with a 21% reduced odds of 10-y incidence of elevated BP in 923 young overweight adults, but not in 2234 normal-weight participants (15) . Overall dairy intake was not related to 15-y incidence of elevated BP in the Coronary Artery Risk Development in Young Adults study, whereas milk and dairy desserts had an inverse association (16).
It is yet unclear which specific dairy foods or components could be responsible for a beneficial effect on BP. Dairy is an important source of protein and minerals (e.g. calcium, potassium, magnesium), which may lower BP (17) (18) (19) (20) (21) . Because vitamin D is critical for calcium absorption and homeostasis (22) , vitamin D may also play a role in the prevention of hypertension (23) . Wang et al. (24) showed that intakes of lowfat dairy products, calcium, and vitamin D were each inversely associated with risk of hypertension in 28,886 middle-aged and older women. In the Netherlands, however, milk products have not yet been fortified with vitamin D. It can be speculated that low-fat dairy may be more beneficial to BP than high-fat dairy because of its reduced concentration of saturated and natural trans fat, which may mitigate the beneficial effects of other dairy components.
Our findings suggest that dairy intake has little effect on population BP in a generally healthy population of young and middle-aged Dutch adults. We found some evidence for a beneficial effect of low-fat dairy on risk of hypertension, although not significant, which needs to be confirmed in other populationbased cohort studies.
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